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SensitivityIron oxide nanoparticles (NPs) was prepared sono-chemically in presence of ultrasonic irradiation in
aqueous alkaline medium at room conditions, where ferric chloride and urea were used as starting
materials. NPs were characterized using powder X-ray diffraction, ﬁeld-emission scanning electron
microscopy, UV/vis. X-ray photoelectron, Fourier-transform infra-red spectroscopy (FT-IR), and Raman
spectroscopy, etc. They were deposited on a ﬂat polycrystalline gold electrode (AuE, surface area,
0.0216 cm2) to give a sensor with a fast response towards selective ion (i.e., ﬂuoride ion, F) in phosphate
buffer system. The fabricated chemi-sensor also exhibits good sensitivity, lower detection limit, and
long-term stability as well as enhanced electrochemical responses towards the target analyte. The cali-
bration plot is linear (r2: 0.9598) over the 0.1 nM to 1.0 mM ﬂuoride concentration ranges. The sensitivity
and detection limit is 1.8718 lA cm2 mM1 and 0.092 ± 0.02 nM (at a Signal-to-Noise-Ratio of 3)
respectively in short response time (10.0 s). Finally it was conﬁrmed that the nanostructures and the
optical features of iron oxide can be extended to a large range in un-doped semiconductor nanomaterials
for proﬁcient chemical sensor applications.
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In last decade, the signiﬁcant efforts were being made to design
and syntheses chemical sensors for anions. This intensive attention
is owing to the signiﬁcance of the detection of anions in biological
and environmental sciences. Fluoride is also present in tooth paste
in the form of sodium ﬂuoride or sodium mono-ﬂuoro-phosphate
which is used to prevent cavities in teeth, which excessive intake
of ﬂuoride can cause ﬂuorosis [1]. Fluoride anion is of particular
awareness due to its established role in preventing dental caries.
It has also been examined extensively as a treatment for osteo-
porosis. However, excess ﬂuoride can lead to ﬂuorosis, which is a
type of ﬂuoride toxicity that usually manifests itself clinically in
terms of increases in bone density [2]. The variety of its function
makes the detection of ﬂuoride anion signiﬁcant. The common
approaches for the binding of ﬂuoride anion have used either the
speciﬁc Lewis acid-base interaction between a boron atom and
the ﬂuoride anion [3] or designed hydrogen-bonding with the
ﬂuoride anion [4]. The design and preparation of sensory moleculesfor recognition and sensing of anions has received substantial
interest in last decade [5–7], as anions play a basic role in a wide
range of chemical, biological, medical, and environmental develop-
ment [8]. Among the anions, ﬂuoride, the smallest anion with a
high charge density, is an attractive target for sensor design owing
to its association with nerve gases, the analysis of drinking water,
and the reﬁnement of uranium used in nuclear weapons manufac-
ture [9]. Fluoride is a strong hydrogen bond acceptor and has a high
afﬁnity to silicon and boron. These unique chemical properties
have been widely deployed in the design and development of
many ﬂuorescent sensors for ﬂuoride anions [10,11]. However,
many of them are based on ﬂuorescence measurement at a single
wavelength, which may be inﬂuenced by variations in the sample
environment. To increase the selectivity and sensitivity, ratiomet-
ric ﬂuorescent sensors are used, which involves the observation of
changes in the ratio of the intensities of the absorption or the emis-
sion at two wavelengths. Thus, ratiometric ﬂuorescent sensors can
provide a built-in correction for environmental effects [12]. Hence,
selective detection of ﬂuoride ion becomes essential either visually
or by spectroscopic methods. In general, the naked eye detection of
analytes has shown huge advantage over other sensing techniques
owing to its quick response and simplicity as it does not require
any equipment for analyte detection.
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owing to its unique property and capability in investigating chem-
ical sensing analytes, which is hardly practicable for the conven-
tional sensor systems [13,14]. Iron oxide nanoparticles have been
considered major chemical sensor materials for such applications
due to its large surface area, robustness, availability and simple
to prepare, reliable performance of analytes in the very-low con-
centration ranges of target components [15,16]. For the interest
of environmental and health monitoring of chemical processes,
much efforts to develop a simple, reliable, inexpensive sensors
have been fabricated [17,18]. Due to their particular beneﬁts over
conventional sensing techniques based on un-doped semiconduc-
tor metal oxides sensors on lower sensitivity, higher response time,
and cost effective, it is urgently required to develop for the detection
of bio-chemicals, chemical process control, and monitoring the
environment [19–21]. In order to increase the performances of
chemical sensors in terms of sensitivity, response and recovery
time, increasing the active surface area of chemical sensing
element may be the best solution for it can effectively enlarge
the contact and surface-adsorption area between analyte sensing
elements and the bio-chemicals to be detected. Solution phase
analytes detection based on optical, electrical, and chemical
methods has focused substantial attention due to the possibility to
operate at room conditions, tomeasure ultra-low level concentrations
with short-response time and applicable to detect trace-level
anions solution. Various metal oxides were used to modify the
electrode for the effective detection of chemicals; however, the
use of semiconductor un-doped nano-materials for the fabrication
of electrodes have recently gained much attention due to their exo-
tic and interesting properties such as large surface-to-volume ratio,
high-surface area, high-reaction activity, high-catalytic property,
strong absorption/adsorption abilities and so forth [22–25]. Much
work requires to be executed to progress the sensitivity of those
materials to target molecules further to explore new sensitive
undoped nanostructure materials. Among the results of several of
undoped metal oxides, low-dimensional iron oxide may be one
of the most optimistic candidates due to its easy and stable fabri-
cation technology, which can produce various nanostructures.
Here, the calcined iron oxide nanoparticles have signiﬁcant
properties such as large surface area (surface-to-volume ratio),
non-toxicity, chemical stability, and high electrical conductivity;
which offered high electron communication features that
enhanced the direct electron communication towards the target
anion analytes. As ﬂuoride is highly toxic and serious to health as
well as environment, it is urgently required to fabricate a simple
and reliable ﬂuoride anions sensor with undoped semiconductor
nanostructure materials. Therefore, the ﬂuoride ions sensing prop-
erties using iron oxide NPs fabricated ﬁlms have been explained in
term of fabrication, characterization, and potential application
with detection mechanism in this work. The simple fabrication
method is employed for the preparation of undoped thin-ﬁlm
NPs embedded polycrystalline gold electrode using conducting
binders, which is detected by simple and reliable I–V method. To
best of our knowledge, this is the ﬁrst report for highly sensitive
detection of ﬂuoride with calcined iron oxide NPs using simple
I–V method in short response time.2. Experimental sections
2.1. Materials and methods
Ferric chloride (FeCl3), ethanol, sodium nitrate, methanol,
sodium bicarbonate, acetone, sodium sulphate, sodium ﬂuoride
(NaF), ethyl cellulose (EC), disodium phosphate, butyl carbitol acet-
ate (BCA), urea, sodium iodide, sodium chloride, ammonia solution(25%), monosodium phosphate, and all other chemicals used were
of analytical grade and obtained from Sigma–Aldrich Company.
The ultra-sonic cell is used throughout the chemical reaction for
the preparation of iron oxide nanoparticles with Branson 1510,
USA (Branson 1510, Branson Ultrasonic Corporation, CT 06813,
USA). Morphology, size, and structure of iron oxide nanoparticles
were recorded on FESEM instrument (FESEM; JSM-7600F, Japan).
Elemental analysis (EDS) was investigated using EDS-system from
JEOL, Japan. The powderX-ray diffraction (XRD) patternswere taken
on an X-ray diffractometer (XRD; X’Pert Explorer, PANalytical
diffractometer) equipped with Cu-Ka1 radiation (k = 1.5406 nm)
using a generator voltage (45.0 kV) and a generator current
(40.0 mA) were applied for the determination. The kmax
(298.0 nm) of as-grown iron oxide nanoparticles was measured
using UV/visible spectroscopy Lamda-950, Perkin Elmer, Germany.
Raman station 400 was used to measure the Raman shift of cal-
cined iron oxide nanoparticles using radiation source (Ar+ laser
line, k; 513.4 nm), which was purchased from Perkin Elmer,
Germany. FT-IR spectra were recorded on a Spectrum-100 FT-IR
spectrophotometer in the mid-IR range in KBr media purchased
from Perkin Elmer, Germany. I–V technique is employed by using
Electrometer (Keithley, 6517A, Electrometer, USA). In I–V system,
two electrodes are used as working and counter electrodes, which
are connected directly in the electrometer. The current is measured
against the applied potential of fabricated sensor for particular
analyte detection.
2.2. Preparation of iron oxide nanoparticles by sonochemical technique
FeCl3 and urea were slowly dissolved into the deionized water
separately in the conical ﬂask to make 0.5 M concentration at room
temperature. Then uni-molar solution was mixed gently and stir-
red until mix properly. The solution pH was slowly adjusted using
ammonia solution drop-wise to approximately 8.37. Then the
mixture was placed into ultra-sonic cell for 10.0 h. Then the
solution was washed thoroughly with ethanol, acetone, and water
subsequently and kept for drying at room condition. The as-grown
products were calcined at 400.0 C and characterized in detail in
terms of their morphological, structural, optical, and chemical
properties. The development of low-dimensional Fe2O3 nanoparticles
can be well explained on the chemical reactions concerned and
crystal growth behaviors of iron oxide. For the synthesis of Fe2O3
nanoparticles, ferric chloride (as starting material) and NH4OH
(urea, control the morphology) were mixed under continuous
stirring. During the reaction method, the NH4OH performs in major
rules, like control the pH value of the solution as well as resource to
supply hydroxyl ions into the reaction system. The FeCl3 reacts
with NH4OH and forms FeOOH, which, upon heating, further
produce into Fe2+ and OH ions, which consequently assists in the
development of Fe2O3 according to the chemical reactions (i)–(iii)
NH4OHðaqÞ ! NHþ4 þ OH ðiÞ
FeCl3ðsÞ ! Fe3þ þ 3ClðaqÞ ðiiÞ
Fe3þ þ 2OH ! FeOOHðaqÞ þHþ ðiiiÞ
The FeOOH ﬁnally, however dissociates to the formation of
Fe2O3 nuclei according to the reactions (iv) and (v)
FeCl3ðaqÞ þ 2NH4OHðaqÞ ! FeOOHðaqÞ þ 2NHþ4 þHþ þ 3Cl ðivÞ
FeOOHðaqÞ ! Fe2O3ðsÞ þH2OðlÞ ðvÞ
Initially, Fe2O3 nuclei performed as building blocks for the
development of ﬁnal products. With reaction time under
the appropriate heating conditions in solution method, the
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desired low-dimension nanoparticle products. As the Fe2O3 NPs are
prepared by the well accretion of low-dimensional particles, there-
fore it is supposed that the fundamental entity for the conﬁguration
of Fe2O3 structure is low-dimension NPs. In nanoparticles growth
mechanism, initially Fe2O3 nucleus growth takes place by
self-aggregation, which then re-aggregates and produced iron
oxide nanocrystal according to the well-known Ostwald ripening
method. Nano-material crystallizes and re-aggregates with each
other through Vander-Waals forces and forms larger and doped
Fe2O3 particle-type morphology, which is presented in Scheme 1.
2.3. Fabrication of ﬂuoride ions sensor using iron oxide nanostructures
Polycrystalline gold electrode (surface area 0.0216 cm2) is
coated with as grown calcined NPs using BCA and EC as a conduct-
ing coating binder. Then it is kept in the oven at 60.0 C for 3 h until
the ﬁlm is completely dried and uniform. A cell is constructed con-
sisting of NP materials coated AuE as a working electrode and Pd
wire is used a counter electrode. Sodium ﬂuoride solution (0.1 M)
is diluted at different concentrations with DI water and used as a
target analyte. Amount of 0.1 M phosphate buffer solution was
kept constant as 10.0 mL during the measurements. Fluoride
solution was prepared with various concentration ranges of
target compound (0.1 nM to 0.1 M). The ratio of current and
concentration (slope of calibration curve) was used to measure
the sensitivity of target analytes. Limit of detection was calculated
from the ratio of noise (3 N) versus sensitivity (S) in the
linear dynamic range of calibration plot (shortly SNR). Keithley
electrometer is used as a voltage sources for I–V measurement in
simple two electrode system.
2.4. Preparation of phosphate buffer and analyte solution
0.1 M phosphate buffer solution (PBS) at pH 7.0 is prepared by
mixing of equi-molar concentration of 0.2 M Na2HPO4 and 0.2 M
NaH2PO4 solution in 100.0 mL de-ionize water at room conditions.
As received sodium ﬂuoride (99.9%) is used to make various
concentrations (0.1 nM to 0.1 M) in DI water and used as a target
analyte. 10.0 mL of 0.1 mL1 PBS is kept constant during
measurements.3. Results and discussion
3.1. Morphological, structural and elemental properties
High resolution FESEM images of calcined iron oxide NPs are
displayed in Fig. 1a, b. It shows the FESEM images of the sphericalScheme 1. Growth mechanism of sono-chemicallshape and sizes of NPs. The diameter of NPs is calculated in the
range of 50.0–120.0 nm. Fig. 1a, b shows the low to high magniﬁed
images of nanoparticles growth by sono-chemical process, where
the average diameters close 87.0 ± 10.0 nm. It is clearly revealed
from the FESEM images that the synthesized products are particle
shape less than 100.0 nm, which is grown in a very high-density
and possessing almost uniform spherical-shape.
Powder X-ray scattering methods are a family of non-
destructive crystallographic techniques which display information
about the crystallographic structure, chemical composition, and
physical properties of materials, solid-state compounds, and thin
ﬁlms. These methods are based on observing the scattered inten-
sity of X-ray beam hitting a sample as a function of incident and
scattered angle, polarization, and wavelength or energy. It is one
of the principal techniques introduced by mineralogists, physicist,
and solid state chemists to inspect the physico-chemical composi-
tion of unknown materials or solids. Fig. 2c shows typical
crystallinity of the as-grown iron oxide NPs and their aggregates.
All the reﬂection peaks in this pattern were found to match with
the b-Fe2O3 phase having rhombohedral geometry [Joint
Committee on Powder Diffraction Standards, JCPDS # 089-0597,
a = 5.039]. The phases showed the major characteristic peaks with
indices for as grown crystalline metallic iron at 2h values of
23.02(012), 32.74(104), 40.36(113), 46.93(024), 52.81(116),
59.33(018), 68.47(208), 74.27(217), and 77.95(306) degrees.
These indicate that there is a signiﬁcant amount of crystalline
b-Fe2O3 iron oxide present in calcined nanoparticles [26].
The crystalline size was also calculated and conﬁrmed using
Scherrer formula [27],
D ¼ 0:9k=ðb cos hÞ
where k is the wavelength of X-ray radiation, b is the full width at
half maximum (FWHM) of the peaks at the diffracting angle h. The
average diameter of NPs is close to 86.5 nm.
The EDS (electron dispersive X-ray spectroscopy) analysis of
this particle indicates the presence of iron and oxygen composition
in the calcined iron oxide nanostructures. It is clearly displayed
that the calcined synthesize materials contained only iron and oxy-
gen elements, which is presented in Fig. 1d. No other peak related
with any impurity has been detected in the FESEM-EDS, which
conﬁrms that the calcined nanostructures are composed only with
iron (63.14%) and oxygen (36.86%), which is revealed in Fig. 1d
(inset).
X-ray photoelectron spectroscopy (XPS) is a quantitative spec-
troscopic procedure that executes the elemental-composition,
empirical-formula, chemical-state and electronic-state of the ele-
ments that present within a material. XPS spectra are acquired
by irradiating a material with a beam of X-rays, while simultane-
ously determining the kinetic energy and number of electrons thaty prepared calcined iron oxide nanoparticles.
Fig. 1. Morphological and elemental analysis. (a, b) Low to high-magniﬁed FESEM images, (c) X-ray powder diffraction, and (d) elemental analysis of calcined iron oxide NPs.
(inset: elemental composition of Fe and O).
Fig. 2. Binding energy (B.E.) analysis of NPs. XPS of (a) Fe2O3 nanoparticles, (b) O1s level, and (c) Fe2p level acquired with MgKa1 radiation.
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Here, XPS measurements were executed for iron oxide nanoparti-
cles to investigate the chemical states (especially, binding energy)of Fe and O elements. The XPS spectra of O1s and Fe2p are
presented in Fig. 2a. The O1s spectrum shows a main peak at
535.5 eV in Fig. 2b. The peak at 535.5 eV is assigned to lattice
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oxide nanomaterials [28]. In Fig. 2c, the spin orbit peaks of the
Fe2p(3/2) and Fe2p(1/2) binding energy for all the samples appeared
at around 718.6 eV and 731.8 eV respectively, which is in good
agreement with the reference data for Fe2O3 [29]. Therefore, it is
concluded that the sono-chemical prepared iron oxide materials
have NPs phase contained single material. Also, this conclusion is
reliable with the XRD data noticeably.
3.2. Optical properties
For UV/visible spectroscopy, the absorption spectrum of iron
oxide nanoparticles solution is measured as a function of wave-
length, which is presented in Fig. 3a. It shows a broad absorption
band around 298.0 nm in the visible range between 200.0 and
800.0 nm wavelengths indicated the formation of iron oxide
nanostructure materials [30]. The band gap energy (Ebg) is
calculated on the basis of the maximum absorption band of
nanoparticles and obtained to be 4.2 eV, according to following
equation (vi)
Ebg ¼ 1240k ðeVÞ ðviÞ
where Ebg is the band gap energy and kmax is the wavelength
(298.0 nm) of the nanoparticles.
FT-IR spectrum of iron oxide NPs with KBr compound is pre-
sented in Fig. 3b. It represents several bands at 605, 1403,
1644 cm1, and 3139 cm1. The observed vibration bands may beFig. 3. Optical characterization of iron oxide NPs. (a) UV/visible spectra, (indicated as 605 cm1 (Fe–O–Fe stretching vibration), 1403 cm1
(H2O bending vibration), and 1644 cm1 (CO2 stretching vibration)
and 3139 cm1 (H2O stretching vibration). The bands (at 1403 and
3139 cm1) are appeared for absorbed water (bending and stretch-
ing vibration) and carbon dioxide (stretching vibration) from
atmosphere, due to the meso-porous nature of iron oxide nanopar-
ticles [31]. The observed vibrational bands at low frequency
regions suggest the formation of iron oxide NPs by sonochemical
techniques.
Raman spectrum of iron oxide NPs is exhibited ﬁve sharp bands
at 223, 289, 330, 410, and 720 cm1 in Fig. 3c, where Raman micro-
scopic objective used at low-laser power at room conditions. The
positions and intensities of these bands are in the agreement with
the reported data for face-center-cube iron oxide NPs. The intense
peaks (at 289 cm1 and 330 cm1) in the Raman of iron are related
to the stretching (Fe–O) mode between two Fe and O atoms [32].3.3. Application: fabrication of ﬂuoride ion sensor using iron oxide NPs
With large-surface area, high mechanical strength, good con-
ductivity, and extremely miniaturized size of undoped iron oxide
NPs have been widely utilized in toxic chemical quantiﬁcation
and detection. The calcined NPs were applied for the detection of
toxic ﬂuoride ions in liquid phase system at room condition.
Initially, the thin-ﬁlm was fabricated using coating agents and
embedded onto polycrystalline gold electrodes. The fabrication
process and detection techniques are presented in the schematicb) FT-IR spectra, and (c) Raman spectra of as-grown iron oxide NPs.
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ing electrodes, which is shown in Fig. 4a.
The ﬂuoride ions were executed as a target analytes in the phos-
phate buffer phase. The physic-sorption behaviors (adsorption and
absorption) as well as detection mechanism of ﬂuoride ions onto
calcined NPs are presented in Fig. 3b–f. The expected and realFig. 4. Fabrication process and methodology of ﬂuoride ion sensors using calcined iron
ﬂuoride ion detection mechanismmagniﬁed view of AuE, (c, d) expected and outcome of
oxide NPs.
Fig. 5. Electrochemical performances of NPs/AuE fabricated sensors. I–V responses of
ﬂuoride ions) and NPs/AuE (with ﬂuoride ions); (c) concentration variations (0.1 nM to 0.1
10.0 mL; injection: 100.0 lL; delay time: 2.0 s; response time: 10 s; active surface areaelectrical responses in presence of ﬂuoride ions have measured
using I–V method according to the Fig. 3c,d. Here the ﬂuoride ions
are absorbed as well as adsorbed onto the fabricated electrode
surfaces in huge amount, owing to their meso-porous natures
and large-active surface area of NP material in liquid phase. The
potential application of low-dimensional NPs as a ionic sensorsoxide NPs. (a) Fabrication of working AuE with NPs using conducting binders, (b)
I–Vmethods, (e, f) ﬂuoride ions adsorption mechanism and real FESEM image of iron
(a) AuE (without modiﬁed) and NPs/AuE (with iron oxide); (b) NPs/AuE (without
M) of ﬂuoride ions; and (d) calibration plot of NPs fabricated AuE. Bulk PBS volume:
of AuE: 0.0216 cm2.
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hazardous and toxic analytes, which are not environmental safe
and friendly. Improvement of iron oxide NPs as ﬂuoride ions sensor
is in the preliminary stage and only insufﬁcient numbers of reports
are available in terms of conventional routes. The nanostructures
of iron oxide NPs have beneﬁts such as very stable in air,
non-toxicity, chemically inert, electro-chemical activity, easy to
fabrication, and environmental behaviors. As in the case of ﬂuoride
ion sensor, the phenomenon of reason is that the current response
in I–V technique of NPs extensively changed when aqueous anions
are adsorbed onto fabricated electrodes. These NPs are employed
for the modiﬁcation of anionic sensor, where ﬂuoride ion was con-
sidered as target chemical.
The calcines NPs were implemented for the detection of ﬂuoride
ions in phosphate buffer phase. The sensing response of ﬂuoride
ions characteristics of I–V sensor (two electrodes system) having
NPs thin ﬁlm has been employed, which is presented in the
Fig. 5. I–V responses sensor having NPs thin ﬁlm as a function of
time for the ﬂuoride ions is presented in Fig. 5a–c. The concentra-
tion of ﬂuoride is varied from 0.1 mM to 0.1 M by adding
de-ionized water at various proportions.
A signiﬁcant increase in the current value with applied poten-
tial is clearly demonstrated for the fabrication of thin NPs ﬁlm on
AuE compared to AuE, which is shown in Fig. 5a. The
black-dotted and blue-dotted curves indicated the response of
the ﬁlm before and after injecting 100.0 lL ﬂuoride ions in
10.0 mL PBS respectively. Considerable increases in the
analyte-current are calculated after injection of target analytes
component gradually. Each I–V response to varying concentrationFig. 6. Study of ﬂuoride ion sensor performances with low-dimensional iron oxide na
selectivity study, (b) reproducibility, (c) current signal loss in each runs (based on reprodu
taken as 0.1 lM for selectivity study. Delay time: 1.0 s. PBS was taken 0.1 M (pH = 7.0);of ﬂuoride ions from 0.1 nM to 0.1 M on thin NPs coated for
10.0 s (delay of time) was presented in the Fig. 5c. It was observed
the current of NPs as a function of ﬂuoride ions concentration at
room condition. It was also found that the current gradually
increases from lower to higher value of current followed by higher
concentration of target compound, which was presented in Fig. 5c.
A calibration curve is plotted (at +0.5 V) from the electrochemical
responses in various ﬂuoride ions and presented in Fig. 5d. The
sensitivity and detection limit is calculated from the calibration
curve based on the active surface area of fabricated gold electrodes.
The calibration plot is linear (r2 = 0.9598) over the 0.1 nM to
1.0 mM ﬂuoride concentration ranges. The sensitivity and detec-
tion limit is 1.8718 lA cm2 mM1 and 0.092 ± 0.02 nM (at a
Signal-to-Noise-Ratio of 3) respectively in short response time
(10.0 s). The fabricated ﬂuoride ions sensor also exhibits good sen-
sitivity, lower detection limit, and long-term stability as well as
enhanced electrochemical responses towards the target analyte.
The response time was approximately 10.0 s for the iron oxide
NP-coatedAuE to achieve saturated steady state current. The promi-
nent sensitivity of ﬂuoride ions sensor can be attributed to good
absorption (porous surfaces fabricated with conducting binders)
and adsorption ability (large surface area), high catalytic activity,
and good biocompatibility of the un-doped NPs [33–45]. Due to
large surface area, NPs are proposed a beneﬁcial nano-
environment for the ﬂuoride ions detection and recognition with
excellent sensitivity. The sensitivity of iron oxide NPs affords
high-electron communication features, which enhanced the direct
electron communication between the active sites of NPs and sensor
electrode surfaces [38–40]. The modiﬁed thin NPs coated AuE had anoparticles. I–V responses of Fe2O3 NPs/AuE are presented for ﬂuoride sensors (a)
cibility data of seven runs at +0.5 V). Fluoride and other chemicals concentration are
potential range: 0 to +1.5 V.
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surface area, the un-doped NPswere imposed productive surround-
ings for the target ﬂuoride anions detection (by adsorption) with
enormous quantity [46–57]. For selectivity, it was studied for
ﬂuoride sensor in presence other chemicals like nitrate, bicarbonate,
sulphate, acetone, ethanol, iodide, chlorideandonlyPBS (bulk)using
the NPs/AuE sensor. Fluoride exhibited the maximum current
response by I–V system using low-dimensional iron oxide nanopar-
ticles fabricated ﬂat-fold electrode compared to others chemical,
which is presented in Fig. 6a. It is speciﬁc towards ﬂuoride ions com-
pared to all other chemicals towards NPs/AuE sensor in phosphate
buffer system. To check the reproducibly and storage stabilities,
I–V response for iron oxide NPs/AuE sensor was examined. After
each experiment, the fabricated NPs/AuE substrate was washed
thoroughly with the PBS buffer solution and observed that the
current response was not signiﬁcantly decreased (Fig. 6b). Current
loses of each reproducible runs (Run-1 to Run-7) are calculated at
+0.5 V and presented in Fig. 6c. A series I–V response was retained
almost same of initial current response up to several runs, after that
the sensor-response of the fabricated electrode gradually decreased.
In this study, the average signal loss (Run-1 to Run-7) is
0.00223 lA, which is very negligible compared to initial and last
current signal/response of Run-1 (0.0798 lA) and Run-7 (0.0662 )
respectively. Here, seven successive measurements of 0.1 lM ﬂuo-
ride in 0.1 M PBS yielded a good reproducible signal at iron oxide
NPs/AuE sensor with a relative standard deviation. The
sensor-to-sensor and run-to-run repeatability for 0.1 lM ﬂuoride
detection were found excellent using NPs/AuE. To investigate the
long-term storage stabilities, the response for the ionic sensor was
determinedwith the respect to the storing time. The long-term stor-
ing stability of the NPs/AuE sensor was investigated signiﬁcantly.
The sensitivity retained almost of initial sensitivity for several days.
The above results clearly suggested that the sensor can be used for
several weeks without any signiﬁcant loss in sensitivity.
4. Conclusions
Finally, low-dimensional iron oxide NPs are prepared by facile
sono-chemical technique with controlled morphology, which is
exposed a constant morphological improvement in nanostructure
materials and potential analytic applications. Low-dimensional
NPs are allowed very sensitive transduction of the liquid/surface
interactions for ﬂuoride ions detection at room conditions. This
opportunity is to emergence a variety of structural morphologies
proposed various approaches of modiﬁcation of the anionic ana-
lytes with nanostructures. Here, NPs are used to fabricate a simple,
efﬁcient, and sensitive ﬂuoride ions detection consisting on
side-polished polycrystalline AuE surface. To best of our knowl-
edge, this is the ﬁrst report for detection of ﬂuoride ions with
low-dimensional iron oxide NPs using simple and reliable I–V tech-
nique in short response time. This approach has described for the
detection of toxic ﬂuoride ions with un-doped NPs in various
attractive and potential features. The result provides a useful
design and strategy for the synthesis of new toxic anionic sensors
for future applications in environmental and health care ﬁelds
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